The preparation of layered double hydroxide (LDH) substituting Zn in the structure was attempted to create an environmentallyfriendly photocatalyst with anion adsorption capacities. ZnAlsubstituting LDH with the Zn/Al molar ratio of 4 was synthesized by adopting the natural processes. The adsorption property of an anionic dye, methyl orange, on ZnAlsubstituting LDH was characterized by batch experiment. ZnAlsubstituting LDH exhibited an extremely high affinity for MO anions. The photodegradation behavior of methyl orange on ZnAlsubstituting LDH was evaluated by determining ultravioletvisible absorption spectra under ultraviolet light irradiation. The results indicated that ZnAlsubstituting LDH certainly showed the photocatalytic activities for methyl orange, and the degradation reaction of methyl orange was accelerated without being stabilized under ultraviolet irradiation. It was expected that ZnAlsubstituting LDH could be utilized as an efficient photocatalyst for harmful organic anions.
INTRODUCTION
Photocatalytic reactions are currently attracting a lot of attention as an efficient and sustainable purification procedure in water contamination caused by inorganic or organic hazardous substances 1 . In photocatalytic reactions, degradations of some chemical substances are induced after an approaching or adsorption on the surfaces of photoactive materials, obviously. However, major photocatalysts such as TiO 2 , ZnO and CdS show little adsorption performance for ions.
A number of minerals with ion adsorption property are well recognized in nature. Among these minerals occurring in nature, layered double hydroxide (LDH) has extremely high anion adsorption capacities, and these are well known as anionic clays 2 
. The general formula given to LDH is [M 2+
1x M 3+ x (OH) 2 ] [A n x/n ‧ mH 2 O], where M 2+ represents a divalent metal such as Mg, Mn, Fe, Co, Ni, Cu and Zn, M 3+ represents a trivalent metal such as Al, Cr, Mn, Fe, and Co, x is equal to the M 3+ /(M 2+ +M 3+ ) molar fraction and generally ranges from 0.17 to 0.33, and A is the interlayer anion with a valence of n. The octahedral hydroxide layers of LDH have a positive charge due to an isomorphic substitution of M 3+ for M 2+ , and anions are intercalated into the interlayers to maintain electroneutrality with water molecules.
Recently LDH has received considerable attention as environmentallyfriendly materials because of its harmless composition. It is also noted that LDH has catalytic properties associated with its solid basicity 3 or modifications with various polyacids 4 . However, the photocatalytic properties of LDH itself have not yet been fully elucidated. There are a few studies 5, 6 of photocatalytic behaviors of LDH for organic substances in a fairly recent past, but the actual photocatalytic function of raw LDH was not clearly marked in these previous studies.
To examine the photocatalytic activity of uncalcined LDH itself, this study focused on the photodegradation of anionic dye adsorbed onto ZnAlsubstituting LDH in the structure under ultraviolet light irradiation. ZnAlsubstituting LDH can be also found in nature as zincowoodwardite 7 , and it is generated in a neutralization process of the acidic mine wastewater containing Zn 2+ and Al 3+ ions 8 . And particularly it is expected that those have a potentially photocatalytic activity since ZnO exhibits a remarkable photocatalytic ability. Therefore, ZnAlsubstituting LDH was synthesized by adopting the natural occurrences. Methyl orange was used as an anionic dye adsorbate. The photodegradation rate was monitored with an ultravioletvisible (UVVis) spectrometer during ultraviolet light irradiation.
EXPERIMENTAL
To minimize the influence of carbon dioxide, synthesis and adsorption experiments were performed under a nitrogen atmosphere and with degassed distilled water. The use of glassware was completely avoided to prevent contamination with silicate ions.
Synthesis of ZnAlsubstituting LDH
ZnAlsubstituting LDH with the Zn/Al molar ratio of 4 (Zn 4 Al LDH) having chloride anions was synthesized as follows. An aqueous solution of 200 mL containing ZnCl 2 and AlCl 3 ・ 6H 2 O with a total metal ion 813 Transactions of the Materials Research Society of Japan 35 [4] 813-816(2010)   concentration of 0.5 mol/L and with the Zn/Al molar ratio of 4 was continuously added to 50 mL of distilled water into a polypropylene reactor with vigorous stirring at room temperature. During the coprecipitation in the reactor, the pH was maintained at a constant value of 8 by the simultaneous addition of 1 mol/L NaOH solution. The total volume of the resulting suspension was adjusted to 500 mL with distilled water. Then, the suspension was stirred for 24 hours. The obtained solid product was filtrated and washed with distilled water, and then dried for 48 hours using a vacuum freeze drier. Synthesized material was characterized as follows. The XRD pattern of the product was collected using a powder diffractometer (Ultima IV, Rigaku) with graphite monochromatized CuKα radiation (λ = 0.1541 nm) at 40 kV and 30 mA in the 2 to 70• range with a scanning rate of 1°/min. The Zn/Al molar ratio of synthesized LDH was determined as follows. Precisely 20.0 mg of synthesized LDH was melted with Na 2 CO 3 and H 3 BO 3 in a platinum crucible. That was dissolved in HCl solution, and then the obtained solution was analyzed for Zn and Al concentrations using an ICPAES (IRIS Advantage, Nippon JarrellAsh). The particle sizes of synthesized LDH were analyzed by using a particle size analyzer (SALD7100, SHIMADZU) after a sonication.
Adsorption of anionic dye
Methyl orange (MO); C 14 H 14 N 3 NaO 3 S (formula weight: 327.34); was used as an anionic dye adsorbate (Fig. 1) . Batch experiment was carried out for MO adsorption onto Zn 4 Al LDH. MO aqueous solution of 30 mL having an initial concentration of 5.0 mmol/L was mixed with 30 mg of Zn 4 Al LDH in 40 mL polypropylene centrifuge tube. The suspension was dispersed in an ultrasonic bath for 2 minutes, and then placed in a shaker for 24 hours at room temperature. The adsorption experiment was conducted under light shielding. The suspension was then separated by centrifugation at 15000 rpm for 20 minutes and the supernatant solution was filtered through a 0.2 m PTFE membrane filter. The absorbance of the filtrate was measured at the maximum band 465 nm by an UVVis spectrometer (UV2450, SHIMADZU) to determine the remaining MO concentration. The obtained solid was characterized by XRD.
Ultraviolet light irradiation
Zn 4 Al LDH with adsorbed MO was applied a thin layer on a quartz plate, and then irradiated under an ultraviolet (UV) light using an ultrahigh pressure mercury lamp (USH250SC, Ushio Optical Modulex) at desired duration. The photodegradation rate was monitored with an UVVis spectrometer in the range of 200 to 500 nm.
RESULTS AND DISCUSSION 3.1 Synthesized ZnAlsubstituting LDH
XRD pattern of synthesized Zn 4 Al LDH is shown in Fig. 2 . The resultant profile was consistent with that of ZnAl LDH including chloride ions in the interlayer 9 . ZnAlsubstituting LDH phase was successfully synthesized by adopting the coprecipitation reaction with a neutralization process in nature. The crystallinity 
 
of synthesized Zn 4 Al LDH was relatively high, and there were no crystalline byproducts such as ZnO, zinc hydroxide or aluminum hydroxide. The d 003 and d 006 values of Zn 4 Al LDH were 0.79 nm and 0.39 nm respectively. The d 003 spacing is equivalent to the thickness of unit layer. The Zn/Al molar ratio in synthesized Zn 4 Al LDH solid phase was calculated to be 3.77, and it is correspond approximately to the composition of mixed metal solution prepared in LDH synthesis process. The mean particle diameter of dispersed Zn 4 Al LDH was estimated at 21 nm, and Zn 4 Al LDH particles showed a unimodal distribution in size (Fig. 3 ).
Adsorption property of anionic dye
The equilibrium pH of reacting solution was 7.84. The dissociation constant pK a for MO is 3.46 10 , so MO ions are predominantly present as monovalent anions at the equilibrium pH. The adsorbed amount of MO on Zn 4 Al LDH was 2.27 mmol/g at adsorption equilibrium. ZnAlsubstituting LDH exhibited about a hundredfold greater affinity for MO anions than TiO 2 11 . The XRD pattern of Zn 4 Al LDH with adsorbed MO was analyzed ( Fig. 4) . Diffraction peaks at 2.4 nm and 1.2 nm obviously appeared with MO adsorption. These changes indicate that interlayer distance of Zn 4 Al LDH was expanded by the penetrations of MO anions into LDH interlayers. Since the thickness of octahedral hydroxide layers is 0.49 nm 12 , the interlayer spacing can be calculated as 1.9 nm for Zn 4 Al LDH with adsorbed MO. This interlayer distance is close to the longitudinal diameter of MO anion (Fig. 1) . Costantino et al. (1999) 13 indicated the similar adsorption property of MO for ZnAl LDH, and they represented that MO anions were vertically oriented in LDH interlayers.
Photodegradation behavior of anionic dye
The photodegradation behavior of MO on Zn 4 Al LDH that applied on a quartz plate was monitored by UVVis absorption spectra ( Fig. 5 ). MO on Zn 4 Al LDH showed broad absorption peaks around 285 nm and 387 nm. These peaks were slightly shifted toward longer wavelengths (red shift) compared with the absorbance spectra of MO without ZnAl LDH. It would be caused by the attractive interactions between MO molecules and hydroxide layers of LDH. The band around 387 nm is probably associated with the azo bond (N=N), which serves as a chromophore. Just after 10 minutes of UV irradiation, the absorbance of MO on Zn 4 Al LDH gradually began to decrease. After 360 minutes of UV irradiation, the reduction in absorbance of MO was almost completed. Fig. 6 shows the relative degradation rates of MO on Zn 4 Al LDH under dark and UV irradiation conditions. The degradation rates were determined from reductions in the absorbance of MO at 387 nm. 
CONCLUSION
ZnAlsubstituting LDH phase was successfully synthesized without any byproducts by adopting the natural occurrences. MO anions were well verticallyintercalated to interlayers of Zn 4 Al LDH. And the adsorption amount of MO for Zn 4 Al LDH was about a hundred times higher compared to TiO 2 . The results of UV irradiation experiments indicated that ZnAlsubstituting LDH certainly showed the photocatalytic activities for MO.
ZnAl LDH has extremely high anion adsorption capacities and relatively large reactive surfaces, and it is easily synthesized. Additionally, ZnAl LDH is more stable in aqueous solutions compared with ZnO due to the formation of solid solution with Al. Therefore, it is expected that ZnAlsubstituting LDH could be utilized as efficient photocatalysts for harmful organic anions in various environments. 
